We investigate the reaction e − e − → µ ν qq as a possible place to test the lepton number violating interactions of singly charged scalars ∆ ± L belonging to a SU(2) L triplet. The existence of such scalars is predicted by some majoron models, as well as by the left-right symmetric extension of the Standard Model. We show that this reaction may be observed in e − e − collision well below the threshold of ∆ ± L . For the colliding energy √ s = 500 GeV the mass of the singly charged Higgs triplet may be excluded up to 2 TeV and even more, depending on values of the appropriate Yukawa couplings.
Recent experimental results of the SuperKamiokande collaboration on atmospheric neutrinos [1] strongly indicate that neutrinos oscillate and consequently that at least some of neutrino species have nonzero mass. This gives rise to a series of interesting questions concerning the origin and nature (Dirac/Majorana) of those masses. Specifically, it would be interesting and important to know the structure of Higgs sector responsible for the indicated mass and mixing pattern. For that, it is obviously necessary to go beyond the Standard Model (SM) as in the SM neutrinos are massless. If one does not introduce right-handed neutrinos, one possibility is to extend the scalar sector of the SM with an SU(2) L triplet (∆ L ) Higgs with hypercharge Y = 2. This could yield Majorana mass to left-handed neutrinos through spontaneous symmetry breaking, assuming that ∆ L = 0. This is what happens in some majoron models [2] , and the triplet Higgses quite naturally appear also in the left-right symmetric model (LR-model) of electroweak interactions [3, 4] .
The Higgs triplet ∆ L with hypercharge Y = 2 consists of a doubly charged scalar, a singly charged scalar and two neutral scalars. The gauge invariance allows the triplet
L ) to interact with leptons via a Yukawa coupling that violates the lepton number L by two units. Due to this property the search of these particles is particularly handy and advantageous in electron-electron collisions where one has L = 2 in the initial state.
The phenomenology of the doubly charged Higgs particle has been studied, e.g., in [5] . It was shown that ∆ −− L with a mass up to 800 GeV may be excluded at the coming LHC experiments. In the present paper we shall concentrate on the search of the singly charged member of the Higgs tripet, ∆ − L in e − e − collisions at a linear collider [6] . Obviously, due to their different charges, the phenomenological signatures of the singly charged triplet Higgs differ considerably from those of the doubly charged Higgs.
The present experimental data allows to restrict the mass of the singly charged bosons to be above roughly 100 GeV [7] . It may thus happen that the singly charged triplet Higgs turns out to be considerably lighter than its doubly charged counterpart. Hence it is worthwhile to examine its experimental signatures and prospects for obtaining information on its properties independently of the properties of the doubly charged scalar.
There is an important restriction that affects the production and decay rates of the triplet Higgs ∆ L . The vacuum expectation value of its neutral member, [8] .
The present experimental data indicate that v L ≤ 15 GeV. Let us note, that there is an option to extend the Higgs sector further so that the equality ρ = 1 holds at the tree level due to the so-called "custodial" SU (2) symmetry [9] . In this scenario, which will not be considered in the following, there would be more than one charged triplet scalars.
In this paper we will show that the process e − e − → µ νprovides a good environment to study the interactions of the singly charged scalar ∆ 
with the vacuum expectation value:
This kind of model was first suggested in [2] in order to generate Majorana masses for neutrinos, and it also quite naturally arises as an effective low-energy manifestation of the left-right symmetric model [10] . The couplings of ∆ L with the gauge fields are provided by the usual kinetic term in the Lagrangian,
where
and its interactions with fermions are given by a Yukawa coupling of the form
where Ψ denotes the lepton doublet (ν l , l − ) and α and β are flavour indices. The
Yukawa interaction gives rise to Majorana mass terms
The interactions of the ∆ L field described above in (3), (5) are the same for both the SM with additional Higgs triplet and the LR-model. Of course, the full Lagrangian should also include self-interactions of the scalar fields, which are governed by the respective scalar potentials. We will overlook these in the following as a first approximation by assuming no mixing between the doublet and triplet Higgses and the absence of any further Higgs fields.
The phenomenologically most important feature of the models that include triplet
Higgses is the lepton number non-conservation arising from the Yukawa coupling (5).
It makes the interactions of the triplet Higgses quite complementary to the Yukawa interactions of the SM Higgs doublet, and it provides good opportunities for unambiguous tests of ∆ − L production and decay in e − e − collision experiments. The production of like-sign charged Higgs bosons via charged vector boson fusion in several electroweak models was considered in [11] . It was shown that cross section strongly depends on the choice of the Higgs representation and on the parameters of the model. The models described above were, however, not considered in that study. It is impossible to distinguish the lepton number conserving properties of charged Higgs through this kind of process.
In [11] the production of the singly charged Higgses in e − e − collisions was assumed to happen in pairs through a W − W − fusion. This process conserves the lepton number. We are interested, in contrast, in processes that probe the lepton number violating Yukawa couplings (5). The pair production, which proceeds through t-channel exchange of Majorana neutrinos and s-channel exchange of ∆ −− L , is in this case not a suitable process to study, however. This is because the neutrino exchange is proportional to Majorana mass of the neutrino and hence is suppressed and the ∆ This amplitude does not directly depend on the properties of ∆ − L and is for that reason undesirable, but its influence is, of course, unavoidable.
In our calculations, whose results will be presented in the following, we have used CompHEP package created in Moscow University [12] . As an input we have used the
L couplings, respectively, as well as the ordinary electroweak vertices for the couplings of W − with leptons and quarks. In our calculations we have imposed the following cuts for the final state phase space: -Each final state particle has energy greater than 10 GeV (including neutrino).
-The transverse energy of each particle (including missing transverse energy) should be greater than 5 GeV.
-The opening angle between two quark jets should be more than 20 o .
-Each final state particle should have the outgoing direction more then 10 o away from the beam axis.
In Fig. 1 the approximate RG equations of the SM [13] . The influence of the triplet Higgses on the running, which can be expected to be quite small, is not taken into account. allowed values that are in accordance with the present phenomenological constraints [5, 14] :
If the mass of doubly charged Higgs is considered to be greater than 100 GeV , then
As can be seen from Fig. 2a , the process e − e − → µ ν dū will be well observable The main SM background to the reaction e − e − → µ ν dū is due to the process e − e − → W − W − νν studied in [15] . Its cross section was estimated to be below 20 fb for colliding energy √ s < ∼ 1 TeV. Taking into account the branching rations of W to the appropriate decay modes we can estimate the background to be about 1 fb. This is typically below the process e − e − → µ ν dū rate, but may be much larger than the singly charged contribution to the process. However, reconstructing the invariant squared mass of the muon and neutrino pair it would be possible to separate background in the cases when the mass difference between ∆ − L and W − is greater than invariant mass resolution (for M ∆ − L > 100 GeV this should be possible). But even in the cases when M ∆ − L ≃ M W it is possible to compare the cross sections of e − e − → µ ν dū and e − e − → dū sc which should be equal in the SM. Any substantial difference between these cross sections would be a signal of the new physics. In other words, in order to get rid of the SM background one should consider the ratio of the cross sections of e − e − → dū sc and e − e − → µ ν dū . In summary, we have shown that the process e − e − → µ ν dū provides a good test for lepton flavor non-conservation of the singly charged scalars. At the collision energy 500 GeV the process may be seen well below ∆ 
